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The diet quality index (DQI) for preschool children is a new index developed to reflect compliance with four main food-based dietary guidelines
for preschool children in Flanders. The present study investigates: (1) the validity of this index by comparing DQI scores for preschool children
with nutrient intakes, both of which were derived from 3 d estimated diet records; (2) the reproducibility of the DQI for preschoolers based on a
parentally reported forty-seven-item FFQ DQI, which was repeated after 5 weeks; (3) the relative validity of the FFQ DQI with 3 d record DQI
scores as reference. The study sample included 510 and 58 preschoolers (2·5–6·5 years) for validity and reproducibility analyses, respectively.
Increasing 3 d record DQI scores were associated with decreasing consumption of added sugars, and increasing intakes of fibre, water, Ca and
many micronutrients. Mean FFQ DQI test–retest scores were not significantly different: 72 (SD 11) v. 71 (SD 10) (P¼0·218) out of a maximum
of 100. Mean 3 d record DQI score (66 (SD 10)) was significantly lower than mean FFQ DQI (71 (SD 10); P,0·001). The reproducibility corre-
lation was 0·88. Pearsons correlation (adjusted for within-person variability) between FFQ and 3 d record DQI scores was 0·82. Cross-classification
analysis of the FFQ and 3 d record DQI classified 60 % of the subjects in the same category and 3 % in extreme tertiles. Cross-classification of
repeated administrations classified 62 % of the subjects in the same category and 3 % in extreme categories. The FFQ-based DQI approach
compared well with the 3 d record approach, and it can be used to determine diet quality among preschoolers.
Diet quality index: Children: Validity: Reproducibility: Food-frequency questionnaires
The gaps in Flemish preschoolers’ diet have already been
discussed in depth by comparing their nutrient and food
intakes with, respectively, the Belgian age-specific RDA for
nutrients(1) and the Flemish food-based dietary guidelines
(FBDG) for preschool children. A complementary approach
to assessing compliance with nutrition and food guidelines
consists of obtaining an overall dietary index, which has the
added value of considering the complexity of food consump-
tion patterns and their multidimensional nature(2 – 5). In this
respect, indices based on nutrients, foods and a combination
of both have been proposed(3,5 – 8). Some of these indices
have shown an association with mortality risk, CVD and
some types of cancers, which was of greater magnitude than
that observed for any nutrient or food at an individual
level(9,10). Specifically, the healthy eating index(3), based on
the USA dietary guidelines, has been used successfully
in both adults and children to study their overall dietary
quality(11). This healthy eating index was developed based
on a ten-component system of five food groups, four nutrients
and a measure of variety in food intake.
Each of the ten components has a score ranging from 0 to
10, so the maximum possible index score is 100. This healthy
eating index was calculated using data from a 24 h diet recall
in combination with a 2 d dietary record(3).
Although quick and easy methods such as a brief FFQ can
be used for measuring the intake of foods and/or food groups
only(12), more detailed and labour-intensive dietary assessment
methods such as dietary records or recalls are required for
measuring different nutrient intakes accurately(13).
Since FBDG are based on nutrient recommendations,
children complying with the FBDG could be assumed to
comply better with nutrient recommendations in comparison
with children not meeting the FBDG. Consequently, a
FFQ assessing the intake of foods and/or food groups might
be a useful alternative for estimating usual diet quality of
young children when diet records are not feasible for the
study population(12,14).
Therefore, a diet quality index (DQI) for preschool children
to be calculated from a forty-seven-item FFQ was developed
as a tool for assessing the compliance of Flemish preschoolers
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with the Flemish FBDG in a quick and accurate way(15).
The basic principles of a healthy diet in the Flemish
FBDG include ‘equilibrium (adequacy and moderation)’ and
‘variation/diversity’. Additional guidelines concern the ‘meal
pattern’ (which should include at least three main courses
(breakfast, lunch and dinner)) and the ‘quality of the food
items’ consumed. The DQI for preschool children considered
these four basic principles for a healthy diet.
The aim of the present study was twofold: first, it was inves-
tigated whether this DQI for preschool children was able to
measure what it was intended to measure (namely the quality
of the diet) by comparing the DQI scores derived from 3 d
records with nutrient intake profiles also derived from these
3 d records. Second, the validity of FFQ-based DQI scores
(FFQ DQI) for preschool children was assessed by comparing
the results of a FFQ-based DQI with a 3 d record-based
approach.
Methods
Development of the FFQ-based diet quality index for
preschoolers
A semi-quantitative FFQ was developed to compare
preschool children’s food intake in Flanders (Belgium)
with the Flemish FBDG(15). This FFQ contained questions
on the average consumption of forty-seven food items
during the past year. The contents and relative validity of
this FFQ have been described elsewhere(16). In summary,
the parents were asked to indicate their answers in a list of
frequencies: every day; 5–6; 2–4; 1 d/week; 1–3 d/month;
never or ,1 d/month. The questionnaire also contained
three or four daily portion size categories per food item
and a list of common standard measures as examples. Parents
were asked to indicate the portion size category that best
fitted the daily portion of their child. Dietary data from
the FFQ were converted to average daily intake values
(e.g. 1 serving/week ¼ 0·14 serving/d).
Based on the Flemish FBDG(15), the DQI for preschool
children was developed. The major components of this DQI
are dietary diversity, dietary quality, dietary equilibrium and
meal patterns. Although a brief description of these major
components is given below, details about the technical aspects
of the DQI are given in Tables 1 and 2.
Dietary diversity. Dietary guidelines almost universally
list consumption of a variety of foods as the number one
recommendation. Therefore, the consumption of at least one
serving of food per day from each of the eight recommended
food groups illustrated in the Flemish food triangle(15) is our
first dietary guideline.
Dietary quality. Within each food group, food items differ
in nutrient and energy density. In the Flemish FBDG, products
within a food group have been categorised into three groups:
food items that are preferred in the ‘preference group’ (e.g.
fresh fruit and cereal/brown bread), food items that may be
consumed in the ‘moderation group’ (e.g. white bread); food
items that should be avoided in the ‘low-nutritious, energy-
dense group’ (e.g. soft drinks and sweet snacks). If a child
Table 1. Description of the newly developed dietary quality index (DQI) for preschool children and its index components
Dietary diversity
Expresses the degree of variation in the diet (whether the child used foods from the different FG* recommended
in the FBDG) ¼ (# different FG from main FG from which at least one serving was consumed)/total # MAIN FG £ 100 %
Dietary quality
Expresses whether the child made the optimal food quality choices
All food amounts were multiplied with a factor:
(1) 1 for items of the ‘preference’ food category
(2) 0 for items to be consumed with ‘moderation’
(3) 2 1 for items from ‘rest group’ ( " energetic, but # nutrient density).
Then, they were summed and divided by the total food amount consumed: S (factor food item £ food quantity
food item)/S food quantity food item
Dietary equilibrium
Expresses the equilibrium=balance of food intakes ¼ S#FG1 ðdietary adequacy FG2 dietary excess FGÞ=# different FG £ 100%
(see rules in adequacy and moderation score below)
Dietary adequacy
Expresses the percentage of the minimum recommended food intake actually consumed for all main FG ¼
S#FG1 (actual intake FG/min. recommendation FG)/# different FG £ 100 %
with the actual intake being truncated to the minimum recommended intake if exceeding the minimum
recommended intake
Dietary moderation ¼ complement of dietary excess
With dietary excess expressing the percentage of intake exceeding the upper level of the recommendation† ¼
ðS#FG1 ð12 excess FGÞÞ=# different FG £ 100%
with the excess of a FG ¼ (actual intake FG 2 upper level FG)/upper level FG; and with the excess of a FG
being truncated at 1 when exceeding 1; and at 0 when below 0
Meal index
Expresses frequency of consumption of a breakfast, lunch and dinner per week (frequency breakfast/week þ frequency
lunch/week þ frequency dinner/week)/3 £ 100 %
Total DQI ¼ (dietary diversity score þ dietary quality score þ dietary equilibrium score þ meal index)/4
Expresses the compliance of the child with the FBDG (higher compliance gives higher DQI score)
FG, food group; FBDG, food-based dietary guidelines.
* Main/essential food groups (FG) included in the FBDG are beverages (non-sugared and no milk); bread and cereals; potatoes and grains (no crisps); vegetables (no juices
and soups); fruit (no juices); milk products; cheese; meat, game, poultry, fish and meat replacements.
† For dietary excess, three additional food groups that are not included in the essential food groups are considered: snacks; sugared drinks (soft drinks); fruit juice.
I. Huybrechts et al.136
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Table 2. A theoretical example of the diet quality index (DQI) calculations
DQI components
FBDG Recommendation Example
Dietary
diversity
Dietary
quality
Dietary
moderation
Dietary
adequacy
Dietary
equilibrium Meal index Total DQI
Main food groups
(# ¼ 8 FG)
¼ ((5 £ breakfast/7)
þ (7 £ lunch/7)
þ (7 £ dinner/7))/
3 £ 100 %
Beverages
(total)*
1000–2000 ml Two glasses
of water
(250 ml)
1 1 £ 250 (1 2 0) ¼ 1 (250/1000) ¼ 0·3 (0·3 2 0) ¼ 0·3
Bread and
cereals
90–150 g 120 g white
bread
1 0 £ 120 (1 2 0) ¼ 1 (90/90) ¼ 1 (1 2 0) ¼ 1
Potatoes and
grains (no crisps)
50–200 g Two potatoes
(100 g)
1 1 £ 100 (1 2 0) ¼ 1 (50/50) ¼ 1 (1 2 0) ¼ 1
Vegetables (no
juices and soups)
100–150 g One tomato
(80 g)
1 1 £ 80 (1 2 0) ¼ 1 (80/100) ¼ 0·8 (0·8 2 0) ¼ 0·8
Fruit (no juices) 125–250 g One apple
(110 g)
1 1 £ 110 (1 2 0) ¼ 1 (110/125) ¼ 0·9 (0·9 2 0) ¼ 0·9
Milk products† 500–600 ml 0 (1 2 0) ¼ 1 (0/500) ¼ 0 (0 2 0) ¼ 0
Cheese 10–20 g 0 (1 2 0) ¼ 1 (0/10) ¼ 0 (0 2 0) ¼ 0
Meat, game, poultry,
fish and meat
replacements
75–100 g 75 g lean
meat
1 1 £ 75 (1 2 0) ¼ 1 (75/75) ¼ 1 (1 2 0) ¼ 1
Rest groups (# ¼ 3 FG included in calculation moderation and equilibrium score)
Snacks‡ Restricted
(,30 g/d)
One candy
bar (55 g)
21 £ 55 (1 2 0·8) ¼ 0·2 (1 2 0·8) ¼ 0·2
Sugared drinks§ Restricted
(,100 g/d)
One can of
lemonade
(330 ml)
21 £ 330 (1 2 1) ¼ 0 (1 2 1) ¼ 0
Fruit juice Restricted
(,100 g/d)
(1 2 0) ¼ 1 (1 2 0) ¼ 1
S ¼ 6 S ¼ 230 S ¼ 9·2 S ¼ 4·9 S ¼ 6·1
Dietary score of
example
S/#FG S/Squantity foods (#FG þ S)/#FG S/#FG S/#FG
6/8 £ 100 %
¼ 75 %
230/1120 £
100 % ¼ 21 %
9·2/11 £
100 % ¼ 83 %
4·9/8 £
100 % ¼ 62 %
6·1/11 £
100 % ¼ 55 %
90 % 241/4
¼ 60 %
Theoretical minimum (%) 0 2100 0 0 0 0 225
Theoretical maximum (%) 100 100 100 100 100 100 100
FBDG, food-based dietary guidelines.
* All drinks (but no milk products and no drinks from rest group).
† Milk, sugared milk drinks, yoghurt, milk deserts and Ca-enriched soy drinks.
‡ Sweet snacks, salty snacks (e.g. chips), chocolate and brioches, sweet deserts (e.g. ice cream and chocolate mousse), upper limit set at 30 g/d.
§ Sugared drinks (e.g. tea with sugar added) and soft drinks, but no fruit juices, upper limit set at 100 ml/d.
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consumes one portion from each food group, he or she will
have the maximum diversity score. However, this does not
necessarily imply that this child has made the optimal quality
food choices within each food group. Therefore, the ‘dietary
quality’ component was introduced in the DQI scoring
system for preschool children.
Dietary equilibrium: adequacy and moderation. Dietary
guidelines stress on an adequate intake of key foods such as
fruits and vegetables, but they also encourage moderation,
especially in intakes of nutrient-poor energy-dense foods.
A diet is in balance when an adequate but moderate intake of
each element of the FBDG is reassured. Therefore, the dietary
equilibrium factor is disaggregated into ‘adequacy’ and ‘moder-
ation’. These distinctive categories help users to readily
identify dietary aspects that need to be improved the most.
Meal index. A healthy diet implies also the consumption
of a certain number of meals per day. Although children are
recommended to have smaller but more frequent meals (up to
6/d), only the three major meals (breakfast, lunch and dinner)
were assessed in the FFQ. Evidence shows an important influ-
ence of meals on individuals’ health. Skipping breakfast was
found to be associated with a higher risk for obesity(17) and
lower attention or concentration capacities(18 – 20). In addition,
low meal frequencies and a high energetic late-evening dinner
were found to be associated with overweight and obesity(21,22).
Therefore, this fourth component was added to the DQI for
preschool children. This meal index was calculated from the
frequency variables ‘breakfast’, ‘lunch’ and ‘dinner’, repre-
senting the number of days per week that these meals were
consumed.
To compute the overall DQI for preschool children, the
scores of the four major categories were summed and divided
by 4, resulting in scores ranging from 225 to 100 %.
Although a child theoretically can reach a DQI score below
zero, negative scores can only be achieved when a child
only consumed food items from the group of low-nutritious,
energy-dense foods (e.g. soft drinks and candies). The better
a child complies with the FBDG, the higher the total DQI
with a maximum of 100 %.
Study design
To assess the relative validity of the DQI for preschool
children, data of children, included in a large-scale
cross-sectional epidemiological study investigating nutrition
habits of Flemish preschoolers (2·5–6·5 years old), were used.
A detailed description of the methodology used in the present
study has been given elsewhere(16). In brief, the sampling
design included a combination of stratification and multistage
sampling techniques, using schools as primary sampling
units and classes as secondary sampling units. Within the
forty-three schools participating in the present validation
study, a total of 2095 children were invited to participate.
Parentally reported estimated diet records, completed over
three consecutive days, were chosen as reference. In these
3 d records, days were subdivided into six eating occasions,
and detailed information on type (including brand names)
and portion size of the foods consumed was collected using
an open entry format(23). After collection, the 3 d records
were coded and entered into a ‘Diet Entry & Storage’
programme (BECEL(24)), which automatically calculated
nutrient intakes. Daily food intake data were grouped into
the food-based 3 d record DQI dietary components after
disaggregating recipes (e.g. spaghetti) and aggregating ingre-
dients from mixed recipes (e.g. when parents described home-
made bread as a recipe).
The directors of the schools and/or teachers of the classes
that participated in the study were given detailed information
and instructions about the study. Efforts were made to include
the help of schoolteachers in reporting snacking and lunches
consumed during school time. Schools participating in
the validation study distributed the food diaries 1 week after
the collection of the FFQ. In the questionnaire and the food
diaries, detailed instructions were given for the parents.
From the 2095 invited children, 1579 FFQ and 1052 3 d
records were collected by the end of the fieldwork.
For the reproducibility study, 244 children were selected in
a separate convenient sample of three nursery schools in the
province ‘East Flanders’. Schools participating in the reprodu-
cibility study distributed a second FFQ 5 weeks after the
collection of the first FFQ. In total, 169 subjects completed
the FFQ during the first administration, of whom 124
completed the second FFQ also.
The fieldwork of the validation and the reproducibility
study was carried out from October 2002 to February 2003.
The ethical committee of the Ghent University Hospital
granted ethical approval for the study, and written informed
consent was obtained from all subjects.
Statistical analysis
Only good quality food diaries, including three completed
record days and containing sufficiently detailed descriptions
of the food products and portion sizes consumed, were
included in the analysis. Two dietitians, with long-standing
experiences in nutritional epidemiological fieldwork, carried
out the exclusion procedure of the 3 d records. More details
about the exclusion procedure are given elsewhere(23). In
total, the food diaries of 356 children were excluded, resulting
in a final sample of 696 diaries for the validation study.
Furthermore, the FFQ of seventy-two children had to be
excluded completely, since less than half of the questions
had been answered. Moreover, since no missing values were
replaced, a child’s diet quality score or component could
only be computed when the respondent filled out a frequency
and portion size for all the food groups included in the DQI
calculation. Therefore, the total number of FFQ that were of
use for the validity analysis of FFQ DQI was reduced from
1579 to 1065, and for the reproducibility study, it was reduced
from 124 to 58. Combining the FFQ with the 3 d records, the
data of 510 children remained of use for the validity analysis.
To examine whether the DQI for preschool children actu-
ally measures what it is intended to measure, namely the qual-
ity of the diet, the DQI scores from the 3 d records were
compared with nutrient intakes derived from 3 d records.
This comparison was done using Pearsons correlations.
In addition, the relative validity of the FFQ-based DQI for
preschool children was assessed by comparison with the 3 d
records. In the present validity study for each dietary assess-
ment method, the average of the DQI score and its subscores
were calculated. Tests for normality were performed using the
I. Huybrechts et al.138
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Kolmogorov–Smirnov test. For both the methods, DQI score
distributions were normally distributed.
Differences between mean scores were tested using the
paired t test. Associations between the two methods were
described using Pearson’s correlations corrected for within-
individual variation. Agreement between the 3 d record and
FFQ at an individual level was assessed using mean difference
and standard deviation of the difference, which was visually
shown in a Bland & Altman plot(25). Even though analyses
based on quartiles provided similar conclusions, individual
results for the DQI estimated by the 3 d record and FFQ
were classified into tertiles to assess the questionnaire’s ability
to assign individuals to the same tertile as the 3 d record(13).
The percentage classified into the correct or adjacent tertile
and the percentage grossly misclassified were calculated.
Agreement has also been assessed using the weighted
k statistic, which was calculated with a linear set of
weights(26). To assess the measurement error of the FFQ,
‘actual values for surrogate categories’ were calculated(13) as
follows: participants were assigned to tertiles according to
DQI scores estimated by the FFQ, and then the mean DQI
score in each tertile was calculated using data determined
by the 3 d record method. This gives an indication of the
‘true’ (3 d record) values that are indicated by the FFQ tertiles.
One-way ANOVA was used to determine whether differences
between tertiles were statistically significant.
For the reproducibility of the FFQ in measuring diet quality,
paired t test, Pearsons correlation coefficients, weighted k and
cross-classification analysis for DQI scores between the first
and the second FFQ administration were measured.
The SPSS for Windows version 14 (SPSS, Inc., Chicago,
IL, USA) was used to carry out all statistical analyses.
Results
In Table 3, the correlation coefficients comparing DQI scores
and subscores from the diet records with nutrients from the
diet records are presented. DQI scores for preschool children
were inversely correlated with carbohydrates and more, in
particular, with simple sugars. DQI scores for preschool
children were also directly related to vitamins B1 and B2,
fibre, Mg, P, Ca, protein and water intakes. In addition, the
DQI was also correlated positively with SFA intakes and
negatively with total fat intakes (although both these findings
were not statistically significant).
For what concerns the subscores, we found that the dietary
diversity score was mainly (positively) associated with the
micronutrients and with total water, fibre, protein and SFA
intakes. The dietary quality score is negatively associated
with energy, MUFA and carbohydrate intakes, while it was
positively associated with many micronutrient intakes, protein,
water and fibre intakes. The dietary equilibrium score was
inversely correlated with energy, total fat, carbohydrate,
MUFA and PUFA intakes, while it was positively correlated
with protein, fibre, water, riboflavin, Ca, P, Mg and Zn intakes.
The meal index was positively associated with energy,
PUFA, complex carbohydrates, fibre, Na, Fe and Mg intakes,
and was not significantly associated with any of the nutrients.
The distribution of scores for the total DQI and its major
individual components as estimated in the reproducibility
and validity studies are summarised in Tables 4 and 5.
No significant differences in mean DQI scores for preschool
children were found between repeated measurements in
the reproducibility study. However, in the validity study,
significant differences were found between mean DQI scores
Table 3. Pearsons correlations of nutrient intakes with the 3 d record dietary quality index (DQI) and the different subscores (all results in this table are
based upon the 3 d record data)
Pearson’s correlations
Nutrient DQI Diversity score Quality score Equilibrium score Adequacy score Moderation score Meal index
Energy (kJ) 20·093* 0·071 20·169† 20·160† 0·328† 20·615† 0·152†
Protein (g) 0·214† 0·279† 0·166† 0·113† 0·526† 20·449† 0·074
Total fat (g) 20·028 0·060 20·059 20·109† 0·220† 20·414† 0·091*
SFA (g) 0·061 0·170† 0·020 20·033 0·306† 20·403† 0·065
MUFA (g) 20·106† 20·028 20·128† 20·158† 0·134† 20·385† 0·080*
PUFA (g) 20·084* 20·065 20·097* 20·140† 0·043 20·253† 0·121†
Cholesterol (mg) 0·039 0·096* 0·020 20·061 0·254† 20·385† 0·085*
Carbohydrates (g) 20·191† 20·007 20·284† 20·219† 0·225† 20·580† 0·161†
Simple carbohydrates (g) 20·235† 0·046 20·336† 20·217† 0·193† 20·539† 0·034
Complex carbohydrates (g) 20·035 20·086* 20·086 20·118† 0·160† 20·357† 0·272†
Fibre (g) 0·343† 0·332† 0·237† 0·249† 0·522† 20·247† 0·258†
Water (g) 0·236† 0·275† 0·198† 0·126† 0·530† 20·436† 0·078*
Vitamin D (mg) 20·001 0·057 0·001 20·036 0·105† 20·174† 20·033
Vitamin C (mg) 0·023 0·174† 20·016 20·103 0·242† 20·430† 0·063
Thiamin (mg) 0·151† 0·156† 0·132† 0·054 0·294† 20·265† 0·089*
Riboflavin (mg) 0·232† 0·215† 0·213† 0·183† 0·372† 20·167† 0·025
Na (mg) 0·088* 0·121† 0·024 0·037 0·349† 20·352† 0·160†
K (mg) 0·173† 0·271† 0·111† 0·092* 0·488† 20·436† 0·067*
Ca (mg) 0·327† 0·366† 0·279† 0·249† 0·520† 20·180† 20·030
P (mg) 0·278† 0·344† 0·211† 0·219† 0·574† 20·351† 0·046
Fe (mg) 0·045 0·097* 20·007 20·007 0·270† 20·324† 0·123†
Mg (mg) 0·285† 0·327† 0·223† 0·176† 0·542† 20·377† 0·117†
Zn (mg) 0·188† 0·297† 0·095* 0·181† 0·436† 20·247† 0·051
* Correlation is significant at the 0·05 level (two-tailed).
† Correlation is significant at the 0·01 level (two-tailed).
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calculated from the FFQ (71 %) and the 3 d record (66 %),
respectively. The Bland & Altman(25) plot in Fig. 1 shows
that the FFQ on average overestimates the DQI score (with
5 %) in comparison with 3 d records and assessed DQI
scores from 20 % above to 10 % below the 3 d record.
A reproducibility correlation of 0·88 was obtained when
comparing DQI scores from FFQ1 with those from FFQ2.
Reproducibility correlations between the two FFQ for individ-
ual index components ranged from 0·63 to 0·85. The validity
correlation for the DQI score corrected for within-individual
variability was 0·82. Pearsons correlations varied among the
four main components of the DQI (from 0·39 to 0·74;
Tables 4 and 5).
In both methods, breakfast was the meal score component
(meal frequency per week/7 d £ 100 %) showing the lowest
mean submeal score (89 % for 3 d records and 83 % for
FFQ), while the mean lunch and dinner score was .95 %
for both methods.
Cross-classification analysis of the FFQ and the 3 d record-
based DQI scores classified 60 % of the subjects in the same
category and 3 % in extreme tertiles (Table 6). Cross-classifi-
cation of repeated administrations classified 69 % of the
subjects in the same category and 3 % in extreme categories
(Table 6). To assess the measurement error of the FFQ,
‘actual values for surrogate categories’ were calculated(13).
Actual values for surrogate FFQ tertiles showed a progressive
increase in DQI score (P,0·001; Table 7).
Discussion
A DQI for preschool children, which is to be calculated from
a forty-seven-item FFQ, has been developed as a tool for
assessing the compliance of Flemish preschoolers with
Flemish FBDG in a quick way. The validity of this new
index was assessed by comparing the DQI scores derived
from 3 d records with nutrient intake profiles also derived
from these 3 d records. The validity of a FFQ for calculating
these DQI scores for preschool children was assessed by com-
paring the results of a FFQ-based DQI with a 3 d record-based
approach. This is the first study in Flemish preschoolers that
has formally tackled these questions simultaneously, including
the task of calculating an index of overall diet quality and
checking its validity against nutrient intake.
Total DQI scores and its subscores calculated from 3 d
records were mainly correlated with nutrients in the expected
direction. Increasing DQI scores for preschool children were
associated with decreasing consumption of simple carbo-
hydrates, and increasing intakes of fibre, water, Ca and most
of the micronutrients. Also, the dietary diversity and dietary
equilibrium scores were are positively associated with fibre,
Table 4. Test–retest reliability of the FFQ DQI scores: mean FFQ DQI scores based on test and retest FFQ, significance of the difference, weighted k
statistics based on tertiles and correlation between both measurements
(Mean values and standard deviations)
FFQ1 FFQ2 FFQ1 and FFQ2
Distribution of scores Mean SD Mean SD P value* Weighted k Tertiles
Correlation (r) between
FFQ1 and FFQ2
Total DQI 72 11 71 10 0·218 0·61 0·43–0·80 0·88
Index component
Dietary diversity 84 10 84 9 0·869 0·42 0·27–0·56 0·75
Dietary quality 41 23 40 22 0·383 0·56 0·44–0·69 0·81
Dietary equilibrium 68 12 66 11 0·102 0·49 0·31–0·66 0·77
Dietary adequacy 73 13 70 13 0·044 0·44 0·27–0·62 0·76
Dietary moderate 79 8 79 8 0·945 0·46 0·28–0·63 0·63
Meal index 95 10 95 12 0·674 NA NA 0·85
NA, not applicable since almost all children scored 100 %.
* Paired samples t test.
Table 5. Relative validity of the FFQ diet quality index (DQI) score and subscores compared against the 3 d record DQI score and subscores: mean
FFQ and 3 d record DQI scores, significance of the difference, weighted k statistics based on tertiles and correlation between both measurements
(Mean values and standard deviations)
FFQ Diet record FFQ and diet record
Distribution of scores Mean SD Mean SD P value* Weighted k Tertiles
Correlation (r ) between
FFQ and diet record
Total DQI 71 10 66 10 ,0·001 0·52 0·45–0·58 0·82
Index component
Dietary diversity 82 11 81 10 0·003 0·37 0·31–0·43 0·74
Dietary quality 39 21 30 22 ,0·001 0·43 0·38–0·48 0·64
Dietary equilibrium 67 12 56 10 ,0·001 0·40 0·43–0·46 0·73
Dietary adequacy 71 13 62 11 ,0·001 0·39 0·33–0·45 0·72
Dietary moderate 79 8 75 7 ,0·001 0·25 0·18–0·31 0·39
Meal index 96 9 96 9 0·486 NA NA 0·44
NA, not applicable since almost all children scored 100 %.
* Paired samples t test.
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water and most of the micronutrient intakes. Although the
positive correlation between SFA and DQI scores for pre-
school children might be unexpected, from previous analyses
it could be concluded that the dairy intakes in accordance
with the recommendations for preschool children are mainly
responsible for these high SFA intakes. Interesting was the
fact that the DQI for preschool children was inversely associ-
ated with energy intake, assuming that not only large food
intakes reassured high diet quality in preschoolers. The latter
finding is in contrast with other DQI validation studies
where children consuming more food, and thus more total
energy, were shown to have higher DQI scores since they
are more likely to meet the intake recommendations compared
with children who eat less(27,28). The limited level of mis-
classification when using tertiles reveals that the FFQ-based
DQI is a useful tool for categorising children in groups accord-
ing to diet quality.
Although in the reproducibility study, mean DQI scores
and subscores estimated from FFQ1 and FFQ2 were not
significantly different, important differences were found
between the mean DQI estimated from the FFQ and 3 d records.
These significant differences in mean DQI scores might
indicate limited usefulness of the absolute DQI scores.
However, the main purpose of our FFQ-based DQI is to rank
individuals according to their DQI score. The Pearsons corre-
lation coefficient for the total DQI score (0·82) was high in com-
parison with other DQI validation studies(29), showing good
correlation between, respectively, the FFQ and 3 d record-
based approach for this newly developed DQI for preschool
children. The weak validity correlation for meal index (r 0·44)
may have been due to limited variation in meal pattern, because
most preschoolers met the goal for three meals daily according
to both FFQ and diet records. Also, the low standard deviations
found for the DQI scores and subscores (except for the diet
quality subscore) might possibly be explained by low between-
individual variation in preschool-aged children’s diet(30).
Methodological considerations
Although replacement of missing values can be used when
calculating DQI scores, in this validation study, where repre-
sentativeness of the study sample is less important than in
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Fig. 1. Differences between the mean diet quality index (DQI) scores for preschoolers for the 3 d record and the FFQ in the validation analyses.
Table 6. Cross-classification analysis for the diet quality index (DQI) for preschool children
Tertiles for DQI
Number of individuals classified in T1* T2* T3* Total* Agreement of tertile categorisation (%)
Tertiles 3 d record* v. FFQ† for DQI
T1† 108 53 7 168 64
T2† 51 75 43 169 44
T3† 9 41 123 173 71
Total† 168 169 173 510
Tertiles FFQ1* v. FFQ2‡ for DQI
T1‡ 15 3 1 19 79
T2‡ 3 11 5 19 58
T3‡ 1 5 14 20 70
Total‡ 19 19 20 58
* 3 d record/FFQ1.
† FFQ.
‡ FFQ2.
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monitoring surveys evaluating population’s dietary intake,
only the FFQ for which all questions had been answered
was decided to be used. The selection bias of the present
study sample was estimated previously, and although it was
showing good geographical representativeness, a possible
bias caused by higher participation rates of higher educated
parents should be considered(23). Therefore, the results
presented in the present study should be seen as an optimal
situation in which the respondents who were included in the
analysis were all able to answer all the questions in the FFQ
and were also capable of recording their child’s food intake
during three consecutive days, providing sufficiently detailed
information about the foods and portion sizes consumed.
The distribution of the recorded days over the different days
of the week was also published previously(23). Although all
days of the week were represented in the total sample of
diet records, Mondays, Tuesdays and Sundays were somewhat
underrepresented.
We compared the DQI scores from the FFQ with estimates
by diet records because diet records have among the lowest
correlated errors with FFQ, and are therefore the most
widely used dietary assessment method for validating a
FFQ(13). Since both methods contain a certain degree of
error, the limitations of both dietary assessment methods
must be considered in the assessment of diet quality when
interpreting results generated from different methods. The
main disadvantage of the 3 d record, for instance, is that 3 d
records do not represent the usual dietary intakes for most
of the nutrients. A more in-depth discussion about this
within-person variability of dietary intakes was published
before(30). An important limitation of the FFQ is the limited
amount of details that can be collected (brand name infor-
mation can seldom be captured by FFQ, and portion size
estimations are even more difficult to be captured than for
3 d records as they need to represent the usual daily portion
sizes). Therefore, the low correlations found for the dietary
equilibrium component might be due to the difficulty in
estimating portion sizes in both instruments. Also, the limited
accuracy of the absolute DQI scores between the two different
administration methods might be caused by a certain (little
correlated) degree of error in both instruments. Furthermore,
the underreporting of foods perceived as less healthy (e.g.
biscuits) and the overreporting of dietary components
perceived as relatively more healthy (e.g. fruit) as generally
seen in FFQ might contribute to the higher total DQI scores
found in the FFQ than in the diet records(31,32).
In contrast with many other diet quality indices, our DQI
for preschool children was not based on nutrient intakes.
Although calculations of nutrient intakes are necessary in
order to estimate nutrient inadequacies, one can assume that
a child following the FBDG for children should have an
adequate intake of most nutrients, given the fact that FBDG
are supposed to be based on nutrient recommendation. In
the present study, it was roughly estimated whether the DQI
score actually measures what it is intended to measure,
namely the quality of diet, by comparison with nutrient intakes
derived from the 3 d record. Except for a positive correlation
found with SFA intakes, the correlations found between the
DQI and most other nutrients were in line with the expec-
tations for a DQI that is supposed to reflect an optimal diet
quality. However, whether FBDG are sufficiently tuned to
the nutrient recommendations remains a question that urgently
needs to be tackled in future research.
Although more recently, the aspect of physical activity was
also added to this triangle, and this component has not been
taken into account in our DQI since our intent was to design
an index that focused on the potential benefits of a healthy
diet to ascertain whether the current dietary recommendations
might, after accounting for physical activity, affect the risk of
major chronic diseases. Thus, rather than including this physi-
cal activity factor in the index, we suggest that it is adjusted
for in analyses using the DQI to lessen the possibility that
adherence to the dietary recommendations of the DQI would
be confused by physical activity. Besides, it is important to
note that the impact of the different subscores on health is
unknown. Therefore, we did not include weighing factors
for the subscores when calculating the total DQI score.
Furthermore, it should be noted that even though estimation
of energy expenditure would have been useful to evaluate
energy balance, the FFQ was not developed for estimating
energy intakes and consequently not for calculating energy
balance. While energy intake would be a useful parameter to
calculate energy balance, both energy intake and expenditure
are very difficult to measure accurately in preschool children.
Small biases in each of the macronutrients contributing to
total energy intake might result in an important bias in total
energy intake.
In addition, high-energy intakes in preschool children are
not necessarily the major risk factor for chronic diseases in
later life since preschoolers are still recommended to have a
diet rich in fatty acids (preferable PUFA) in order to foresee
in the needs for growth and the development(33). Recent
evidence suggests that mainly the glycaemic index of foods
would be associated with risks for insulin resistance and
associated diseases like diabetes, CVD and obesity in later
life(34). An advantage of a score based only on FBDG and
Table 7. Use of actual values for surrogate categories to compare the diet quality index (DQI) score of the
FFQ with the 3 d record
(Mean values and standard deviations)
FFQ tertiles (T)
T1 T2 T3
Mean SD Mean SD Mean SD P value
3 d record DQI score in each tertile 58·2 8·5 65·8 7·4 73·7 6·1 ,0·001*
* ‘True mean values’ based on the 3 d records were assigned to the categories defined by the surrogate method (FFQ) and
compared (ANOVA).
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not on nutrients is that no food composition data need to be
used, which is also likely to include a certain bias.
As mentioned before, variation in our diet is one of the most
important universally listed dietary guidelines. Although
children are recommended to use food items from all eight
food groups recommended in the food triangle on a daily
basis, they are further recommended to increase the variation
of food items within each group of the food guide triangle. So
children, for instance, are recommended to vary between
different fruit types in order to foresee a broad range of
micronutrients in which the nutrient-specific density differs
importantly from fruit type to fruit type. Although it would
be better to include more food groups in the dietary diversity
score, the limited number of food categories in our FFQ forced
us to limit the diversity score to the minimum recommended
dietary diversity presented by the different food groups
recommended in the food triangle.
Assessment of reproducibility and validity of an instru-
ment such as the DQI is only one step in the evaluation of
a dietary assessment method. Whether the index or other
measures of diet quality can predict disease across diverse
populations is the ultimate test of validity. A review of
diet quality indices found that diet quality was related to
the risk of disease more strongly than individual nutrients
or foods(9), but recent studies examining the relation have
led to inconsistent results(4,35 – 37). The inconsistencies could
be attributable to specific components included in the indices
that may not be clearly associated with disease risk. For the
DQI, consuming 30 % of total energy from fat is one of the
components, but total fat intake may not be associated with
either CVD(38) or cancer(39). As such, DQI based on current
FBDG may be limited in utility if FBDG itself do not reflect
current nutrition knowledge. In addition, an index that
is based on current guidelines may become outdated as
nutrition science evolves. DQI, then, is only as good as the
components on which it is based; hence, it inevitably must
be revised if it is truly to reflect the latest nutrition science
and guidelines.
Although this DQI has been developed for use in children, it
can be adapted for use in adults by implementation of the
FBDG for adults.
Conclusion
The present study showed good reproducibility and validity
of the FFQ-based DQI for preschool children, and the
correlations with nutrients calculated from the 3 d record
were similar for many of the nutrients, indicating that the
FFQ-based DQI score is a reasonable estimate of diet quality
when compared with 3 d diet records. Although FFQ are not as
accurate in assessing absolute intakes as are multiple diet
records, the reasonable correlations observed indicate that
children can be ranked with sufficient accuracy with respect
to diet quality. Although the present findings of reasonable
reliability and validity of the DQI scores are positive, they
do not necessarily mean that this index is useful in predicting
disease outcomes among persons who comply with the
recommendations. Studying whether the DQI can reliably
predict disease risk is the next step in the validation of its
utility as a dietary assessment method.
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